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Abstract
Purpose:  To  deﬁne  the  optimal  acquisition  parameters  for  diffusion  tensor  imaging  of  the
median nerve  at  the  wrist  and  to  measure  the  diffusion  values.
Patients  and  methods:  The  wrists  of  14  healthy  volunteers  were  explored  using  3T  MRI  with
a dedicated  wrist  coil.  Each  examination  consisted  of  six  sequences,  varying  the  number  of
directions  (15—20—30)  and  the  b  values  (500—800—1000—2000  s/mm2).  The  tractography  images
were evaluated  by  two  radiologists  using  a  qualitative  scale  with  six  levels.  The  diffusion  and
anisotropy  coefﬁcients  (ADC  and  FA)  were  measured  and  the  values  compared  with  the  data  in
the literature.
Results:  Median  nerve  tractography  was  successfully  achieved  in  all  sequences.  The  20  direction
sequence  with  b  =  1000  s/mm2 seemed  to  provide  the  best  results  for  a  reasonable  acquisition
time (5′38′′).  The  diffusion  values  showed  large  interindividual  variations.
Conclusion:  Optimisation  of  acquisitions  parameters  is  important  in  peripheral  nerve  tractogra-
phy, and  may  facilitate  a  routine  use  of  the  technique.  The  images  obtained  are  easy  to  analyse
but the  diffusivity  and  anisotropy
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Tractography  is  an  original  magnetic  resonance  imaging
echnique,  based  on  the  diffusion  properties  of  tissues  [1].  It
as  described  and  used  for  the  ﬁrst  time  in  the  central  ner-
ous  system  (CNS).  Its  application  to  other  organs  is  still  in
he  research  phase;  tractography  of  the  peripheral  nervous
ystem  is  the  application  which  appears  to  be  of  greatest
linical  interest.  It  is  still  limited  by  a  lack  of  standardisa-
ion  and  an  uncertainty  concerning  the  normative  diffusion
alues.  The  ﬁrst  tractographic  reconstruction  of  a  peripheral
erve  was  in  2004,  when  Skorpil  et  al.  [2]  applied  a  CNS  trac-
ography  protocol  to  the  sciatic  nerve,  and  demonstrated
he  feasibility  of  the  technique  in  three  healthy  subjects.
ince  then,  many  authors  have  conﬁrmed  the  validity  of
he  technique  [3—8]  and  its  capacity  to  reconstruct  the
ourse  of  large  peripheral  nerve  trunks.  Several  studies  have
een  speciﬁcally  concerned  with  determining  the  normative
iffusion  values  of  the  median  nerve  in  healthy  subjects
7,9,10].  Applications  have  been  suggested  for  peripheral
erve  canal  conditions  (positive  diagnosis  of  carpal  tun-
el  syndrome)  and  trauma  (monitoring  axon  regeneration).
hese  various  studies  were  performed  on  non-comparable
nstallations,  with  different  magnetic  ﬁelds,  different  coils
nd  different  acquisition  parameters  (Table  1).  The  authors
enerally  applied  an  empirical  acquisition  protocol  based  on
hat  used  for  CNS  tractography.  Only  one  study  [7]  sought  to
etermine  the  inﬂuence  of  the  value  of  b  on  the  quality
f  tractographic  reconstructions;  the  possible  impact  of  the
ariability  of  the  number  of  directions  has  never  been  eval-
ated.  The  aim  of  this  study  was  therefore  to  determine  the
ptimal  b  values  and  the  number  of  directions  for  peripheral
erve  tractography,  to  measure  the  diffusion  values  and  to
ompare  them  with  the  results  in  the  literature.
atients and methods
e  chose  the  median  nerve  at  the  wrist  for  imaging,  for
bvious  reasons  of  accessibility,  image  quality  (dedicated
rist  coil  available,  the  large  size  of  the  nerve)  and  for
omparison  with  studies  already  published.  Eleven  men  and
hree  women,  between  20  and  32  years  of  age  (mean  age:
7.5  years),  were  prospectively  included  in  this  study,  after
iving  their  informed  consent.  No  volunteer  had  any  known
europathy  or  history  of  trauma.  Acquisition  was  from  the
ight  wrist,  irrespective  of  whether  the  subject  was  right
r  left-handed  (12  right  and  two  left-handed  subjects).  The
xaminations  were  performed  using  a  3  Tesla  Signa  MRI  sys-
em  (General  Electric  Healthcare,  Waukesha,  WI,  United
tates),  which  entered  service  in  2008,  with  a  dedicated
hased  array,  8  channels,  HD  wrist  coil  (Invivo,  Gainesville,
L,  United  States).  The  patients  were  installed  in  ventral
ecubitus,  right  hand  forward  with  the  palm  towards  the
oor  (‘‘Superman’’)  in  order  to  put  the  wrist  to  be  explored
n  the  centre  of  the  principal  magnetic  ﬁeld.  The  wrist
as  held  still  within  the  coil  by  two  cushions,  to  min-
mise  movement  artefacts.  Each  examination  included  a  T1
xial  morphological  scout  sequence,  sequences  varying  the
 value  (500,  800,  1000  and  2000  s/mm2)  all  with  15  direc-
ions,  and  sequences  varying  the  number  of  directions  (15,
0  and  30  directions)  all  with  a  b  value  of  1000  s/mm2.  The
eld  of  view  was  on  either  side  of  the  radiocarpal  joint.
he  total  examination  time  was  approximately  45  minutes
2
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ncluding  installing  the  subject.  The  technical  parameters
re  given  in  Table  2.
Post-processing  was  performed  on  an  Advantage  Worksta-
ion  4.4,  using  the  GE  Functool  program,  version  4.5.3.  The
edian  nerve,  located  on  the  TRACE  images,  was  deﬁned  by
 freehand  ROI  drawn  on  the  clearest  of  the  three  most  prox-
mal  slices.  This  ﬁbre-tracking  ROI  encompassed  the  nerve  in
he  most  anatomical  manner  possible  (Fig.  1a)  [5—7]. Fibre
rogram  displays  the  tractographic  reconstruction  obtained
rom  this  proximal  swarm-tracking  ROI  according  to  an
n-line  propagation  protocol.  Fibre  propagation  parame-
ers  were  ﬁxed  (MaxStep  =  160,  MinFA  =  0.18,  FA  =  0.3  and
aximum  angle  variation  =  30◦).  The  result,  which  could
e  visualised  in  a  three-dimensional  mode,  was  evaluated
ndependently  and  single-blind  for  each  sequence  by  two
adiologists  (one  senior  and  one  junior),  on  a  qualitative
isual  scale  from  0  to  5  (Table  3).  Interobserver  deviation
as  measured  according  to  Cohen’s  kappa  coefﬁcient.
The  variability  of  scores  was  evaluated  using  a  statistical
est  based  on  a  general  linear  model,  for  each  reader,  sep-
rating  the  variations  in  the  number  of  directions  and  the
ariations  in  the  b  value.  The  fractional  anisotropy  (FA)  and
he  apparent  diffusion  coefﬁcient  (ADC)  of  the  median  nerve
ere  measured  for  each  subject  from  the  three  sequences
t  b  =  1000  s/mm2 (15,  20  and  30  directions).  Sequences  with
ther  b  values  were  not  taken  into  account.  These  mea-
urements  were  made  during  a  single  session  by  the  same
eader  (junior  radiologist)  at  four  anatomical  levels  selected
n  order  to  tally  with  those  used  in  the  literature  [6,9,10]:
he  distal  forearm  (pronator  quatratus  muscle),  distal  radio-
lnar  joint,  proximal  carpal  tunnel  (ﬁrst  row  of  carpals)  and
istal  carpal  tunnel  (second  row  of  carpals).  ROIs  used  for
easurement  were  smaller  than  the  nerve  (Fig.  1b),  in  order
o  minimise  partial  volume  effects  [9].  They  all  measured  a
inimum  of  4  mm2.  Finally,  at  each  level,  the  minimal  trans-
erse  diameter  of  the  median  nerve  was  measured  on  the
1-weighted  morphological  sequence.  A  Pearson  correla-
ion  test  was  performed  to  determine  the  supposedly  linear
elationship  between  the  score  given  by  the  two  readers
nd  the  diameter  of  the  median  nerve.  Different  statisti-
al  hypotheses  (supposed  sphericity,  Greenhouse-Geisser  or
uynh-Feldt  corrections)  looked  for  a signiﬁcant  difference
n  the  FA  and  ADC  values  depending  on  the  anatomical  level
f  the  measurement  and  the  number  of  directions  used.
f  there  was  a statistically  signiﬁcant  difference,  P  values
ere  calculated  according  to  a  two-way  Anova  (general  lin-
ar  model),  with  paired  comparisons  based  on  the  marginal
eans.
esults
t  was  possible  to  reconstruct  the  course  of  the  median
erve  in  the  wrist  in  all  the  subjects.  No  score  was  less
han  2/5.  Image  quality  was  considered  to  be  satisfac-
ory  with  a  mean  overall  score  of  3.58/5  ±  0.16  (min:2,
ax:  5).  However,  there  were  great  differences  between
he  subjects,  with  mean  scores  per  subject  ranging  from
.58  to  4.5.  Some  examples  are  given  in  Fig.  2.  Cohen’s
appa  coefﬁcient  was  calculated  to  be  0.72  ±  0.06  (95%
onﬁdence  interval:  0.598—0.842)  for  all  the  conditions,
howing  good  agreement  between  the  two  investigators.
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Table  1 Acquisition  parameters  of  peripheral  nerve  tractography  studies.
Study Field Coil Slices Thickness  (mm) TR  (ms) TE  (ms) Number  of
excitations
b (s/mm2)  Number  of
directions
Resolution
(mm)
Khalil
EJR  [5]
2008
1.5T
Philips
Wrist
4 channels
20 2 3198 89 1 400 32 0.77  × 0.78
Hiltunen  [3]
CN
2005
3T
GE
Wrist
4 channels
17 3.5  5000 83.5  3—4  1000 13 1.56  × 1.56
Meek  [4]
EN
2006
3T
Philips
Head
6 channels
35 4 4600 90 3 1000 32 1.09  × 1.09
Kabakci  [9]
AJR
2007
3T
Philips
Head
8 channels
35  4  4600  90  3  1000  32  NC
Skorpil  [2]
MRI
2004
1.5T
Philips
Surface
2 channels
25  6  4000  70  NC  400  32  NC
Jambawalikar  [8]
Skeletal
2010
3T
Philips
Knee
8 channels
40  4  5300  69  NC  1000  32  NC
Andreisek
Skeletal/AJR
2009  and  2010  [9,11]
1.5T
GE
Wrist
8 channels
22  4  7000  103  2  325—1550  25  1.87  ×  1.87
Stein  [6]
JMRI
2009
3T
GE
General  36  3  10,000  81  10  1000  6  1.09  ×  1.09
NC: not communicated.
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Table  2  Acquisition  parameters  in  our  study.
No.  Sequence  Parameters  Duration
1 Shimming/centring  —  —  0  min  15  s
2  Axial  T1  TSE  sequence
FOV  =  10  cm
Slice  thickness  =  4  mm
Number  of  excitations  =  2
Matrix  320  × 320
TR =  700  ms  TE  =  8.8  ms  1  min  54  s
3  b500—15  directions ssSE-IPE  sequences
FOV  =  14  cm
Slice  thickness  =  4  mm
No  gap
Number  of  slices  =  16
Number  of  excitations  =  3
Matrix:  128  ×  128
Resolution:  1.09  mm  × 1.09  mm
TR  =  4525  TE  =  93  3  min  46  s
4  b800—15  directions  TR  =  4975  TE  =  101  4  min  09  s
5  b1000—15  directions  TR  =  5200  TE  =  105  4  min  20  s
6  b2000—15  directions  TR  =  6000  TE  =  101  5  min  00  s
7  b1000—20  directions  TR  =  5200  TE  =  105  5  min  38  s
8  b1000—30  directions  TR  =  5200  TE  =  105  8  min  28  s
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tive  variations  like  these  were  reported  by  Kabakci  [9].  In
F
ahe  maximum  difference  in  points  between  the  scores  of
ach  radiologist  was  never  greater  than  1.  The  inﬂuence  of
he  b  value  and  the  number  of  directions  on  image  qual-
ty  is  shown  in  Figs.  3  and  4.  The  score  for  the  sequence
t  b  =  1000  s/mm2 and  20  directions  achieved  better  quality
core  than  the  mean  of  the  other  sequences  (3.82  ±  0.98  as
gainst  3.54  ±  0.78),  but  no  difference  was  ever  statistically
igniﬁcant.  The  correspondence  between  the  mean  score
nd  the  mean  diameter  of  the  median  nerve  is  summarised  in
ig.  5.  Pearson’s  test  showed  quite  good  correlation  between
he  two  sets  of  data  (r  index  calculated  at  0.589).  The
ean  values  of  FA  and  ADC  are  summarised  in  Table  4.
onsiderable  intersubject  variation  of  up  to  60%  for  the
A  measurement  and  77%  for  the  ADC  was  found  for  these
uantitative  parameters.  Pairwise  comparisons  revealed  a
tatistically  signiﬁcant  difference  between  the  ﬁrst  two
natomical  levels  (distal  forearm  and  distal  radio-ulnar)  and
he  last  two  levels  (carpal  tunnel),  with  P  <  0.001  for  the  FA
nd  P  between  0.002  and  0.014  for  the  ADC  measurements.
a
j
o
igure 1. Drawing of the ﬁbre-tracking area by a freehand ROI suite
nisotropy (FA) and apparent diffusion coefﬁcient (ADC) by a freehand Riscussion
his  study  conﬁrmed  that  it  is  possible  to  produce  images
f  the  median  nerve  by  tractography  in  healthy  subjects,
ithout  the  technique  failing  completely.  It  suggests  that
he  best  results  are  obtained  with  a  b  value  of  1000  s/mm2
nd  20  directions.
ualitative aspect of tractographic
econstruction
ur  qualitative  results  vary  greatly  between  the  different
atients,  with  a  wide  scatter  of  mean  scores  per  subject
extremes  varying  from  2.58  to  4.5).  Intersubject  qualita- recent  publication  [11], Andreisek  even  showed  intrasub-
ect  variability:  the  quality  of  tractographic  reconstructions
f  the  right  and  left  median  nerves  of  15  patients  was
d to the morphology of the nerve (a). Measures of the fractional
OI smaller than the nerve but still over 4 mm2 (b).
3T  tractography  of  the  median  nerve  779
Figure 2. Examples of tractographic reconstructions of the median nerve: a: subject 9 (M: 30 years). b 800 and 15 directions. Scored 4
and 4; b: subject 11 (F: 28 years). b 1000 and 20 directions. Scored 5 and 5; c: subject 1 (F: 20 years). b 1000 and 30 directions. Scored
3 and 4; d: subject 14 (M: 28 years). b 1000 and 20 directions. Scored 4 and 4. Note the good correlation of the reconstruction with the
observation on the T1 morphological acquisition of a biﬁd median nerve (e).
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Figure 3. Effect of varying the b value on the qualitative score.
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rigure 4. Effect of varying the number of directions on the quali
onsidered  to  be  very  different  in  53%  of  them.
o  hypothesis  has  been  put  forward  to  explain  this
bservation.
The  quality  of  tractographic  reconstructions  depends  on
he  parameters  relating  to  the  nerve  studied.  The  quality  of
bre  tracking  will  be  better  for  a  large  calibre  nerve  with  a
imple  course:  our  study  indeed  found  considerable  corre-
ation  between  the  mean  diameter  of  the  nerve  and  image
uality.  Nerves  too  small  a  calibre  are  currently  not  accessi-
le  with  this  technique  [8].  Sharp  or  large  angulations  in  the
ourse  of  the  nerve  may  present  a  problem  to  the  on-line
ropagation  algorithms  [12]. The  immediate  proximity  of
one  or  gaseous  interfaces,  such  as  in  subcutaneous  nerves,
auses  a  magnetic  sensitivity  artefact,  which  can  result  in
ajor  distortions  [13]. In  our  experience,  the  nerves  around
t
o
be score.
he  elbow  (ulnar,  radial  and  musculo-cutaneous  nerves)
umulate  these  disadvantages,  which  explains  the  difﬁculty
f  tractography  in  this  area.  On  the  other  hand,  the  median
nd  the  sciatic  nerves  are  very  good  candidates  for  this
echnique.  The  quality  of  tractographic  reconstructions  also
epends  on  the  parameters  of  the  acquisition  technique
the  principal  magnetic  ﬁeld,  the  coils  used,  positioning
f  the  patient,  b  value  and  the  number  of  directions)  and
n  the  post-processing  (the  choice  of  ﬁbre-tracking  ROI,
he  reconstruction  algorithm).  The  most  easily  modiﬁed
arameters  likely  to  optimise  the  quality  of  tractographic
econstructions  are  the  b  value  and  the  number  of  direc-
ions.  This  study  leads  us  to  think  that  the  best  results  are
btained  with  a  b  value  of  1000  s/mm2 and  20  directions,
ut  the  difference,  found  with  the  two  readers,  is  still  not
3T  tractography  of  the  median  nerve  781
Figure 5. Correlation between the diameter of the median nerve (mea
qualitative score of the tractographic reconstruction (mean of the score
Table  3 Qualitative  scoring  scale  for  tractographic
reconstructions.
Score  Description
0 Tractographic  image  impossible
No  ﬁbre  recognised
1  Very  poor  tractographic  image
Only  a  few  thick  ﬁbres  recognised
2  Poor  tractographic  image
Anatomical  correlation  not  obtained  for  most
of  the  course  of  the  nerve
3 Moderate  tractographic  image
Good  anatomical  correlation  but  poor  ﬁbre
density  and/or  many  aberrant  ﬁbres
4  Good  tractographic  image
Perfect  anatomical  correlation;  median
nerve  distally  less  satisfactory  and/or  rare
aberrant  ﬁbres
5  Excellent  tractographic  image
Perfect  anatomical  correlation;  no  aberrant
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statistically  signiﬁcant  because  of  the  small  number  of  sub-
jects  included.
The  optimal  b  value,  at  1000  s/mm2,  agrees  with  the
value  found  by  Andreisek  [7].  This  optimal  value  is  close  to
the  value  used  routinely  in  diffusion  tensor  imaging  of  the
central  nervous  system  [14]. Increase  in  diffusion  weighting
is  associated  with  a  reduction  in  the  signal/noise  ratio  [15].
Tractographic  reconstructions  can  be  obtained  with  a  very
high  b  value  (2000  s/mm2),  but  the  theoretical  gain  in  dif-
fusion  weighting  is  cancelled  out  by  too  great  a  fall  in  the
signal/noise  ratio,  even  at  3T  and  using  phased  array  surface
coils.  It  is  possible  to  perform  reconstructions  with  low  b  val-
ues  (500  s/mm2),  but  even  if  the  signal/noise  ratio  increases,
image  quality  is  reduced  by  numerous  aberrant  ﬁbers  result-
ing  of  a  too  little  diffusion  weighting.  An  intermediate  b
t
a
t
rn of its diameters at the four anatomical reference levels) and the
s of the two readers for the six experimental conditions).
alue  is  thus  an  ideal  compromise  between  sufﬁcient  diffu-
ion  weighting  and  an  acceptable  signal/noise  ratio.
The  optimal  value  for  the  number  of  directions  differs
rom  that  currently  used  in  central  nervous  system  tractog-
aphy  (32  directions)  [14,16].  It  is  probably  lower  because  of
he  straighter  course  of  peripheral  nerves,  along  the  axis  of
he  limb,  unlike  cerebral  bundles  which  progress  in  all  three
irections:  the  need  for  high  angular  resolution  provided  by
 large  number  of  directions  is  thus  less  pronounced.
A  low  number  of  directions  shortens  the  examination,  but
oderately  reduces  the  quality  of  the  image  by  increasing
he  number  of  aberrant  ﬁbres.  A  higher  number  of  directions
oes  not  improve  image  quality  but  leads  to  the  acquisition
ime  being  virtually  doubled  with  a  consequent  increase  in
ovement  artefacts.  A  moderate  number  of  20  directions
ppeared  to  be  the  best  compromise  between  image  quality
nd  duration  of  the  acquisition.  In  our  experience,  the  inﬂu-
nce  of  the  b  values  and  the  number  of  directions  on  image
uality  is  dependent  on  the  anatomical  conﬁguration  of  the
ubject’s  nerve,  which  determines  the  difﬁculty  of  the  trac-
ography.  In  difﬁcult  cases,  where  the  nerve  is  smaller  or  has
 more  sinuous  course,  image  quality  is  improved  by  using
ood  acquisition  parameters  (Fig.  6).  We  are  thus  justiﬁed
n  trying  to  optimise  these  parameters  as  far  as  possible.
uantitative aspect: fractional anisotropy (FA)
nd apparent diffusion coefﬁcient (ADC)
alues
ur  FA  and  ADC  values  are  within  the  very  wide  range
eported  in  the  literature  (Table  5).  In  these  studies,  which
lmost  exclusively  concerned  the  median  nerve  at  the  wrist,
he  measurement  methodology  used  varied  greatly:  some
uthors  took  global  measurements  [5,7], others  segmental
easurements  [6],  others,  like  ourselves,  point  measure-
ents  on  the  planar  ROI  [8—10]. These  measurements  wereaken  at  different  levels  of  the  nerve,  sometimes  without
 strict  anatomical  reference  point  [6].  Comparisons  are
herefore  particularly  difﬁcult.  Our  study  found  a signiﬁcant
eduction  (P  <  0.001)  in  the  FA  values  for  the  carpal  tunnel
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Table  4  Summary  of  fractional  anisotropy  (FA)  and  apparent  diffusion  coefﬁcient  (ADC)  measurements  according  to  the
anatomical  level.
Measurements  of  FA  Measurements  of  ADC  (×  10−3 mm2/s)
Mean  Min  Max  Mean  Min  Max
Distal  forearm 0.677 ± 0.054  0.555  0.776  1.122 ±  0.126  0.897  1.450
Distal  radio-ulnar  0.670  ±  0.074  0.414  0.762  1.159  ±  0.192  0.881  1.910
Proximal  carpal  tunnel  0.548a ±  0.075  0.424  0.681  1.310a ±  0.194  0.994  1.760
Distal  carpal  tunnel  0.538a ±  0.073  0.403  0.654  1.246a ±  0.138  1.010  1.590
a The values found for the carpal tunnel are statistically different from those measured higher up, with P < 0.05 in a two-way Anova
(general linear model).
Figure 6. Tractography of the median nerve at the wrist in a healthy subject with a small calibre nerve. Increasing the diffusion weighting
f  Incre
l s (c)
c
t
n
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Arom b500 (a) to b1000 (b) increases the number of tracked ﬁbres.
ength of the tracked ﬁbres. The result with b1000 and 20 direction
ompared  with  the  higher  anatomical  levels.  This  conﬁrmed
he  observations  reported  by  Kabakci  [9],  but  neither  Yao
or  Stein  found  such  a  phenomenon  [6,10]. We  also  showed
 signiﬁcant  increase  (P  between  0.002  and  0.014)  in  the
w
b
tasing the number of directions from 15 (b) to 20 (c) increases the
 is better than the others.
DC  values  for  the  carpal  tunnel  relative  to  the  higher  levels,
hich  agrees  with  Yao’s  observations  [10], but  was  not  found
y  Kabakci  or  Stein  [6,9]. It  is  difﬁcult  to  ﬁnd  valid  explana-
ions  for  so  much  variation  between  these  different  studies,
3T  tractography  of  the  median  nerve  
Table  5  Principal  normative  measurements  of  the
fractional  anisotropy  (FA)  and  apparent  diffusion  coef-
ﬁcient  (ADC)  of  the  median  nerve  in  the  literature
(mean  ±  standard  deviation).
Study  Results
Kabakci  [9]
AJR  2007
20  subjects
b =  1000  s/mm2
FA:  0.709  (±  0.046)
ADC:  1.016  (±  0.129)
Khalil  [5]
Eur  Radiol  2008
13 healthy  subjects
b =  400  s/mm2
FA:  0.588  (±  0.058)
ADC:  1.733  (±  0.25)
Stein  [6]
JMRI  2009
13  healthy  subjects
b =  1000  s/mm2
FA:  0.405—0.495
ADC:  0.9—1
Yao  [10]
Skeletal  Radiol  2009
17  subjects
FA:  0.70  (±  0.13)
ADC:  1.46  (±  0.21)
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all  of  which  were  well  performed.  In  a  recent  publication
[11],  Andreisek  tried  to  prove  the  validity  of  these  quanti-
tative  parameters  by  measuring  the  FA  and  the  ADC  of  the
right  and  left  median  nerves  in  healthy  subjects  at  a  given
time  t and  3  weeks  later.  He  found  no  signiﬁcant  variation  in
these  measurements  between  the  4  acquisitions,  and  there-
fore  concluded  that  there  was  no  intrasubject  variability
(right  median  nerve  values  =  left  median  nerve  values)  nor
any  intra-examiner  variability  (values  at  time  t  =  values  at
time  t  +  3  weeks).  Yao  also  found  low  intra-observer  variabil-
ity  of  approximately  10%  for  both  the  FA  and  ADC  [10]. This
stability  of  values  led  to  the  conclusion  that  the  technique
was  very  robust  as  far  as  these  quantitative  parameters  were
concerned,  and  would  therefore  be  constant  with  identi-
cal  equipment,  acquisition  methodology  and  patients.  The
technique  itself  would  not  seem  to  be  the  cause  of  the  large
differences  in  measurements  between  authors.
It  is,  however,  the  major  intersubject  variability  in  these
quantitative  measurements  between  different  subjects  that
has  been  well  reported.  Yao  [10]  emphasizes  considerable
intersubject  ﬂuctuation,  with  a  coefﬁcient  of  variation  of
16%  for  FA  and  31%  for  ADC.  Kabakci  reports  variability  of
up  to  72%  for  ADC  measurements  [9].  Andreisek  noted  inter-
subject  variation  of  approximately  60%  for  FA  and  ADC.  In
our  study,  we  found  mean  variations  of  approximately  60%
for  FA  measurements  and  up  to  77%  for  ADC  measurements.
These  considerable  variations  alone  could  explain  the  dif-
ferences  in  measurement  between  the  various  studies,  as
well  as  the  difﬁculties  in  establishing  thresholding  of  values
between  healthy  and  pathological  subjects  in  the  studies  on
carpal  tunnel  syndrome  [5].
LimitationsThis  study  has  considerable  limitations.  The  most  obvious
is,  of  course,  the  low  number  of  subjects  included,  so  that
the  real  superiority  of  the  proposed  acquisition  parameters783
annot  be  concluded  with  any  sufﬁcient  statistical  power,
ll  the  less  so  because  the  variations  between  the  differ-
nt  sequences  are  sometimes  small.  We  are  just  tentatively
utlining  a  preference  for  the  sequence  at  b  =  1000  s/mm2
nd  20  directions.  Moreover,  this  study  concentrated  solely
n  the  median  nerve  at  the  wrist,  for  the  reasons  of  ease
nd  quality  of  tractography  previously  described,  but  also
o  that  we  could  compare  our  results  with  those  in  the  liter-
ture.  It  would  perhaps  have  been  useful  to  have  been  able
o  validate  these  optimised  parameters  on  other  peripheral
erves.  Finally,  the  tractography  program  used  has  consider-
ble  limitations,  as  it  does  not  allow  tracking  conditions  to
e  personalised  or  the  post-processing  algorithm  to  be  modi-
ed.  In  addition,  we  were  unable  to  measure  data  described
n  other  studies  such  as  the  density  of  ﬁbres,  their  number
r  their  mean  length.  With  these  parameters  a  more  objec-
ive  quality  evaluation  could  have  been  achieved  [7].  We
herefore  had  to  be  content  with  simple  visual  apprecia-
ion.  From  a  clinical  point  of  view  (e.g.  monitoring  axonal
erve  regrowth),  this  may  however  be  sufﬁcient.
onclusion
his  study  has  conﬁrmed  the  possibility  of  imaging  a  periph-
ral  nerve  by  tractography,  with  some  consistency  in  the
ualitative  results  in  the  case  of  large  nerve  trunks.  It  adds
o  the  studies  already  available  by  demonstrating  the  rele-
ance  of  an  acquisition  protocol  maximising  image  quality,
nd  by  suggesting  optimal  values  for  b  and  the  number  of
irections.  It  emphasizes  the  very  high  intersubject  vari-
bility  in  FA  and  ADC  values,  and  therefore  goes  against  the
enerally  accepted  idea  of  normative  values,  determination
f  which  would  be  useful  for  being  able  later  to  identify
athological  conditions.
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